An alarming proportion of incident HIV infections worldwide occur in adolescents and young adults. The United Nations Joint Programme on HIV/AIDS (UNAIDS) estimates that 5 million youths are living with HIV worldwide. In 2008, there were approximately 920 000 new infections among youth, or 2500 new infections per day [1] . Although data show that young people now practice safer sex and experience a lower incidence of infection with human immunodeficiency virus (HIV), UNAIDS reports a global resurgence of the epidemic in men who have sex with men (MSM) [2] .
In the United States, the epidemic disproportionately impacts racial and ethnic minorities. The HIV incidence rate is nearly 8 times higher in blacks and 3 times higher in Hispanics compared to that in whites [3] . Even more disparate are the epidemic's effects on vulnerable youth and minority MSM populations. Youth aged 13-29 years accounted for 39% of incident HIV infections in 2009 [3] . More than two-thirds (69%) of all new youth infections occurred in young MSM (YMSM) [3] . Among young black MSM (BMSM), new HIV infections increased 48% during 2006-2009 [3] .
Typical adolescent risk-taking behaviors do not explain the disproportionate rates of HIV infection among BMSM [4] [5] [6] . BMSM are less likely to be aware of their HIV serostatus or to get tested, suggesting that disparities in access to and quality of care may also play a role [4] [5] [6] .
Recent studies have shown promise for preventing HIV infections. Two studies in Africa, Partners PrEP and TDF2, enrolled HIV-serodiscordant couples and HIV-uninfected, sexually active women and men, respectively [7, 8] . Both studies demonstrated safety and efficacy in reducing HIV risk in both women and men who received preexposure prophylaxis (PrEP) as tenofovir disoproxil fumarate (TDF) or as coformulated TDF and emtricitabine (FTC), known as FTC/TDF and commercially as Truvada [7, 8] .
The Iniciativa Profilaxis Pre-Exposición (iPrEx) study found that daily FTC/TDF as PrEP was an effective and welltolerated intervention to prevent HIV infection in MSM and transgender women [9] . This phase III clinical trial also highlighted the importance of adherence: the protective efficacy was 44% overall but increased to 92% in those with detectable drug levels [9] . There are several limitations of the iPrEx study. The study population was not fully representative of the epidemic in the United States. The majority of the participants were from South America, with only 10% from the United States, making it difficult to determine the effects of the intervention at the US trial sites specifically [9] . The limited number of US minority participants, youth, and particularly minority youth participants in iPrEx did not proportionally reflect the epidemic in the United States ( Figure 1A ) [3, 9] .
Despite the promising results of studies of PrEP in several at-risk populations, including serodiscordant couples, HIVuninfected and sexually active women and men, and MSM [7] [8] [9] , none of these studies has included adequate representation of youth ( Figure 1A ).
Relative to their contribution to new HIV infections, youth are underrepresented in prevention research, particularly for biomedical intervention studies. This disparity is especially pronounced for youth under 18 years of age ( Figure 1B) . The Adolescent Medicine Trials Network for HIV/AIDS Interventions (ATN), sponsored by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD), is addressing this gap through an ambitious domestic PrEP research and implementation agenda for youth at risk for HIV infection.
RESEARCH IN YOUTH POPULATIONS

Behavioral Interventions for HIV Risk Reduction Are Important Components of a Comprehensive Prevention Package for Youth
Combination HIV prevention is a blend of evidence-based behavioral, structural, and biomedical prevention strategies adapted for specific contexts [10, 11] and is recognized as one of the best hopes for reducing and eliminating HIV worldwide [12] .
Behavioral HIV prevention interventions are effective in reducing risky behavior and decreasing acquisition of HIV and other sexually transmitted infections (STIs) among high-risk populations [13, 14] . Such interventions address several domains, including mental health, medical adherence, and HIV risk. The Centers for Disease Control and Prevention's (CDC) HIV/AIDS Prevention Research Synthesis project has Figure 1 . HIV prevention research infrastructure vs needs. A, Participant demographic characteristics in recent human immunodeficiency virus (HIV) preexposure prophylaxis (PrEP) studies. The purple bar shows the total participant sample for each study. The red bar shows the number of participants who were between 18 and 25 years of age. The green bar shows the number of participants who were younger than 18 years. The blue bar shows the number of US participants. In the iPrEX study, participants included men who have sex with men or transgender females who have sex with men; among the 28 US participants younger than 25 years, 5 were black/African American; 9% of the total participants (n = 214) were black, including African Americans, Afro Peruvians, Afro Brazilians, and black South Africans; sites were located in South America, South Africa, Thailand, and the United States. In the TDF2 study, participants included males and females; sites were located in Botswana. In the Partners PrEP study, participants included males and females; sites were located in Uganda and Kenya; total participant sample (purple bar) includes only the susceptible partner. B, HIV infections and HIV prevention research funding for youth. Age ranges for youth differ owing to different definitions of youth used by database sources (ie, Centers for Disease Control and Prevention [CDC] , National Institutes of Health [NIH], World Health Organization, and Joint United Nations Programme on HIV/AIDS). The blue bars show the proportion of HIV infections among youth in a given age stratum during the year for which the report was published. The green bars show the proportion of HIV research funding from NIH during the year 2010, for HIV prevention research (includes biomedical) or only HIV biomedical prevention research, among youth in a given age stratum. Based on available data and statistical methods, CDC incident estimates do not allow for a stable HIV incidence estimate of youth younger than 18 years (third bar from bottom); given the age of this group and of expected sexual debut, it is likely that HIV prevalence data are a reasonable approximation of HIV incidence. Abbreviations: CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency virus.
recommended behavioral interventions that range from intensive one-on-one counseling to group sessions to standard riskreduction counseling [15] . The identified interventions are ranked by tiers of evidence, creating a framework for classifying HIV behavioral interventions, from those with the most robust evidence to unevaluated interventions [16] . For research on the implementation of HIV biomedical prevention interventions, particularly in vulnerable youth, it is essential to include at least 1 established behavioral intervention to determine the most effective strategy to support participants. Larger trials may have the capacity to compare 2 or more behavioral approaches. Such research will identify psychosocially, developmentally, and culturally relevant behavioral interventions with demonstrated real-world feasibility among high-risk youth.
Community Prevention Infrastructure Is Critical to the Successful Conduct of HIV Prevention Interventions in Youth
There is a growing awareness among researchers that communities in large urban settings with access to minority at-risk youth provide an invaluable opportunity for HIV prevention interventions, such as those at the structural level [17] [18] [19] [20] [21] . NICHD has sponsored, through the ATN, a novel and promising community-level approach to studying HIV risk reduction interventions [17, 22] . Forming community coalitions, expanding existing community advisory structures, and educating parents and adolescents at a community level provide an infrastructure to implement HIV prevention interventions and to create positive structural change within communities to lower rates of HIV infection [17, 22] . Engaging communities in HIV prevention research can help scientists prioritize and tailor research and interventions to specific community needs and can increase effectiveness and dissemination of new HIV prevention strategies.
Communities may also pose barriers to prevention implementation, such as mistrust of research, a lack of perceived advantages to participating in clinical trials, and perceived stigma associated with participation [23] . On the other hand, communities also can help remove barriers to less accessible populations and can generate support for research and interventions [17, 23] . They should be educated on the importance, need, and limitations of current HIV prevention, care, and research services, particularly for adolescents and young adults, in advance of implementing interventions [17] . Relevant educational materials should focus on topics and concepts that are key to HIV research (eg, clinical research and ethics) and should be effective in communicating the intended messages readily to the target audience.
Interim CDC Guidance for Preexposure Prophylaxis in MSM
A comprehensive review of PrEP implementation guidelines is beyond the scope of this review. Based on the results of iPrEX study, the CDC released interim guidance on PrEP for the prevention of HIV infection in MSM [24] .
This interim guidance does not address age, but the final implementation recommendations are likely to be limited to populations who have attained the age of majority and are to be consistent with the Food and Drug Administration (FDA) labeling of Truvada, approved by the FDA for an HIV prevention indication. In the future, as guidance for PrEP in YMSM and other youth is formulated, agencies should consider addressing relevant issues such as the ethical considerations around PrEP in youth and the unique struggles that YMSM and minority youth experience around identification, testing, linkage to care, and adherence. The prevention research community, including members with youth expertise, must work closely with healthcare implementation programs and regulators to develop guidance for use of PrEP in minors.
ETHICAL CONSIDERATIONS IN RESEARCH WITH YOUTH
Regulations Protect Vulnerable Populations but Can Prevent Their Access to and Participation in Important Prevention and Treatment Research
Human subjects research ethical guidelines and regulations provide special protections for research participants who have not reached the age of majority, a concept that is well accepted [25] . An extension of this concept is the principle that ensuring access of minors to appropriate research is necessary to protect this group from widespread use of therapies that have never been adequately tested in them. It is likely that PrEP will be used widely in minors at high risk of HIV acquisition. Maximizing the safety and effectiveness of this intervention in minors will require ethically sound, scientifically rigorous studies in this group. Extrapolation from studies of PrEP in white, adult MSM may not be appropriate for predicting PrEP effectiveness in YMSM and BMSM. Sociocultural, hormonal, and many other differences require studies specifically in this population.
An average 17-year-old BMSM is clearly different from a middle-aged, white MSM but differs little from an average 19-year-old BMSM; however, under US human subjects research regulations, there is a great distinction between these 2 teenagers. A competent 19-year-old is allowed to consent for participation in research, whereas a 17-year-old routinely requires parental permission to do so [26] . There are 2 exceptions: (1) waiver of parental permission and (2) local laws that allow a minor to consent for certain protected conditions (eg, STI treatment) without parental permission [26] . One drawback of the waiver of parental permission approach is that different IRBs (in a multicenter trial) may reach discordant conclusions about whether requirements for the waiver are met. Another important consideration is that the FDA regulations do not allow waiver of parental permission, and therefore, FDAmonitored studies (Investigational New Drug studies) cannot include parental waiver of permission [27] .
A more consistent approach to establishing the right of adolescents to consent to their participation in HIV prevention research should be considered. Efforts would be needed to work with local authorities at each clinical site to establish a more regular determination for criteria for adolescents to consent to participate in research within the parameters of local laws. In jurisdictions where local law precludes the right of adolescents to consent for participation, there is a need for policy level discussions within the local community.
In the US, local jurisdictions determine the criteria under which minors can consent to receive treatment for certain conditions. With the exception of contraception and some STI prevention, the ability of minors to consent for themselves to receive care for the prevention of a condition like HIV infection, whether for research or clinical practice, has been less well established. Implementation guidelines, based on the evidence of efficacy for PrEP among MSM, are not expected to include in their scope a policy focused on prevention for minors-a major group that would stand to benefit from such intervention. To ensure timely and safe access to PrEP for minors, it is essential that policy makers, providers, community members, and other opinion leaders and stakeholders begin addressing this tremendous gap in HIV prevention efforts. Similar engagement will be necessary with international policy makers, taking into consideration their regional regulatory landscape and perhaps an even greater epidemiologic burden of HIV infections among youth.
IMPLICATIONS FOR PrEP IN YOUTH
YMSM and Minority Youth Are at Substantial HIV Risk
The interim CDC guidance recommends that PrEP be considered in populations that are at substantial, ongoing, and high risk of HIV infection [24] . In the United States, the overwhelming majority of new adolescent HIV infections are due to sexual activity [3, 28] . Despite the recommendation for routine HIV testing, most youth, particularly YMSM and minority youth, who report risky behaviors do not get tested and many experience a multitude of social, behavioral, and economic challenges that impede their identification for services and research [29] . Even if at-risk youth can successfully be identified for services or research, adherence to medication may be difficult [30] . PrEP studies have illustrated the impact of adherence on effectiveness and shown that adherence to antiretrovirals (ARVs) for prevention or treatment is suboptimal among many populations, including MSM and youth [31, 32] . Given adolescent risk behaviors and domestic HIV epidemiology, researchers, policy makers, and community leaders should consider defining sexually active adolescents, including minors, as a population at substantial, ongoing, and high risk of HIV infection and should develop HIV prevention efforts that focus on youth, particularly among those most vulnerable racial and ethnic minorities and YMSM.
Toxicity Potential of ARVs in Youth May Have Implications for Feasibility
The potential immediate and longer-term complications of ARVs must be deliberated when considering PrEP intervention. The immediate adverse effects of TDF-FTC, such as nausea, vomiting, and headaches, have been better characterized in adults than in adolescents but are expected to be relatively mild, reversible, and not to lead to discontinuation [7] [8] [9] . Renal toxicity, related to the TDF component of TDF-FTC, though uncommon, can be detected through routine monitoring of serum creatinine and urinalysis, and is generally reversible upon discontinuation in adults receiving treatment for HIV infection or PrEP [33] ; data are more limited about renal safety of TDF in youth, especially in those youth using TDF as part of PrEP.
An area of special concern for use of TDF-FTC as PrEP in youth is the potential for adverse effects on bone. Bone mineral density (BMD) loss and potential increased fracture risk have been associated with antiretroviral therapy (ART; especially TDF) use in HIV-infected adults in some, but not all, studies [34] [35] [36] . More limited data raise concerns that TDF may have greater adverse effects on still-developing bones of HIV-infected children and adolescents [37, 38] . The contributions of HIV infection itself, and other factors, make it difficult to extrapolate findings in HIV-infected populations to potential TDF effects on bones of HIV-uninfected PrEP recipients. Studies show that adult MSM participating in PrEP trials have exhibited a small but statistically significant decline in BMD [39] . Youth may be more vulnerable to greater adverse bone effects of TDF-containing PrEP because BMD normally continues to increase into the third decade of life. To better inform guidance on implementation of PrEP among younger populations, studies should be grounded on an acceptable level of risk vs benefit by taking into careful consideration toxicities of ARVs, and should evaluate appropriate immediate and longer-term safety signals in carefully designed licensure bridging studies that ideally also determine the appropriate indications for initiation and duration of PrEP among youth.
Additional Considerations: Postexposure Prophylaxis vs PrEP
The CDC interim guidance does not address the use of postexposure prophylaxis (PEP) in coordination with a PrEP regimen. In practice, ARVs prescribed as PrEP may be taken by users only after a high-risk exposure (similar to PEP), particularly by youth who may least recognize the difference between these prevention strategies. More data are required to understand the need for and implications of PEP in someone who is already prescribed PrEP. Accordingly, for adolescents who may be participating in PrEP trials, the ethics and scientific implications of adolescents using PrEP ARVs for PEP should also be carefully considered in protocol design. The extent of risk compensation (behavioral disinhibition) that may emerge among youth who will be receiving PrEP remains to be determined in ongoing research by iPrEx investigators. Real-world demonstration projects will likely offer the most reliable estimates of this phenomenon. Researchers need to examine the current PrEP platform and identify areas of concern for participants to best understand how individuals will take these agents in the real world so that only the most promising research strategies are advanced into these clinical trials [40] .
Priorities for PrEP Studies in YMSM and Minority Youth
There are several priorities for upcoming PrEP studies in YMSM and minority youth. First, bridging studies that explore tolerability and longer-term safety related to potential side effects and long-term consequences of PrEP should be conducted. Second, demonstration projects in urban centers with large YMSM and minority youth populations will be integral in determining how best to identify and recruit this hard-to-reach group, and how to optimally implement PrEP. This includes feasibility studies that look at the most effective models and places to implement PrEP for youth. Third, studies on supporting adherence in youth, with a focus on the potential for risk compensation, should be prioritized.
Cost-effectiveness Varies by Geographic HIV Incidence Density
Studies of cost-effectiveness of PrEP using mathematical models and various assumptions [41] [42] [43] [44] have shown that PrEP is most cost-effective when it is targeted to populations with a higher baseline incidence, where there are more infections to avert, and where ART coverage is low [42] [43] [44] . In South Africa, PrEP was the most cost-effective when targeted to 25-to 35-year-old women. The study assumed a baseline incidence of 0.8% per year with a low ART coverage rate [44] . In this particular population, the cost per infection averted using PrEP was estimated to be as low as US$12 000 [44] . Importantly, as ART coverage expands throughout the population, the cost per infection averted with PrEP dramatically increases and its cost-effectiveness as an intervention decreases [44] . Modeling shows that PrEP appears to have a window of opportunity to be most cost-effective during the time when the incidence is high and the ART coverage remains low, making PrEP ideal for low-resource settings [44] .
In the United States, a recent cost-effectiveness study of daily PrEP among the MSM population predicted a cost of US $298 000 per year of life gained [42, 43] . This estimate was based on the current treatment cost of Truvada and estimates of PrEP efficacy [42, 43] , with a background HIV incidence of 1.6 events per 100 person-years. The estimate also assumes the cost of treating incident HIV to be between US$1139 and $3338 per month, depending on the ARV regimen [43] . The study concludes that the high cost per year of life gained would make PrEP a less cost-effective intervention option for the United States [42, 43] ; however, should drug costs diminish or if the targeted population were at higher risk, the intervention would be made more cost-effective [42] . Epidemiological data suggest that MSM, YMSM, and BMSM populations are at an increasing risk for infection [3, 4, 6] , making them an appropriate population for targeted PrEP. In this group, the most cost-effective strategy is to initiate PrEP among the highest-risk MSM [41, 42] [41] . Using PrEP as an intervention in the populations highest at risk is the most cost-effective and is more appropriate for resourcesufficient settings. Given the expense of PrEP and the highrisk youth populations most likely to benefit, youth will need to rely on access via both public and private insurance programs; however, careful coordination with insurance companies at the local level will be important to ensure that confidentiality is managed in accordance to the patient's wishes [45] .
CONCLUSIONS
Although the HIV/AIDS epidemic is stabilizing for many groups, adolescents, YMSM, blacks, and other minority populations continue to be at high risk. PrEP studies, despite their limited generalizability to US minority youth, have shown exciting promise in the prevention of new HIV infections among MSM. PrEP should continue to be explored in combination biomedical and behavioral clinical trials that focus on vulnerable populations. Such trials should account for appropriate psychosocial and developmental factors that affect the levels of adherence necessary for effectiveness. A prevention platform grounded in community education and engagement will best enable research interventions on PrEP for adolescents and young adults. Ethical issues of informed consent for adolescents under the age of 18 and the ability for adolescents to make informed decisions should be explored and a dialogue begun with regulators to address policy-level changes needed to ensure that these most vulnerable youths have access to effective HIV prevention research and care as they emerge. PrEP has important implications for YMSM and minority youth in the United States because of their high risk of HIV acquisition. These implications include the much-needed benefit of preventing new infections, weighed carefully against the potential for harm from issues such as risk of ARV toxicity among healthy individuals, downstream disinhibition of risk behaviors, surreptitious and/or inappropriate use of PrEP, and barriers to proper access of what may likely become a popular HIV prevention method. These considerations and the need for newer, less expensive, safer, and more efficacious PrEP regimens notwithstanding, an ounce of combination prevention is quite definitely worth a pound of cure. The current alternative possibility of acquiring lifelong HIV infection is unacceptable.
Notes
